Objective. To systematically review the international literature for studies evaluating internal (NoZovent) and external (Breathe Right Strips) nasal dilators as treatment for obstructive sleep apnea (OSA). Study Design. Systematic review with meta-analysis. Methods. Four databases, including PubMed/MEDLINE, were searched through September 29, 2016. Results. One-hundred twelve studies were screened, fifty-eight studies were reviewed, and fourteen studies met criteria. In 147 patients, the apnea-hypopnea index (AHI) was reported, and there was an improvement from a mean ± standard deviation (M ± SD) of 28.7±24.0 to 27.4±23.3 events/hr, value 0.64. There was no significant change in AHI, lowest oxygen saturation, or snoring index in OSA patients when using nasal dilators. However, a subanalysis demonstrated a slight reduction in apnea index (AI) with internal nasal dilators (decrease by 4.87 events/hr) versus minimal change for external nasal dilators (increase by 0.64 events/hr). Conclusion. Although nasal dilators have demonstrated improved nasal breathing, they have not shown improvement in obstructive sleep apnea outcomes, with the exception of mild improvement in apnea index when internal nasal dilators were used.
Introduction
The nose is composed of both internal and external structures. Although the internal structures of the nose (i.e., turbinates [1] , septum [2] ) do not generally move in a dynamic fashion, they can become edematous with associated symptoms of congestion and obstruction. It is known that the nose may contribute to snoring [3] and obstructive sleep apnea (OSA) when congested or obstructed. There are many treatments for OSA, to include medical management with positive airway pressure devices [4] , oral appliances, and myofunctional therapy [5] . Nasal therapies to help treat OSA include nasopharyngeal airway stenting devices [6] , nasal expiratory positive airway pressure devices (Provent) [7] , and nasal surgery [8, 9] .
The simple act of changing from the upright to the supine position has been shown to reduce upper airway volume by approximately 33% in OSA patients [10] . Given that the nasal cavity is upstream from the collapsible soft tissues of the upper airway, the nasal cavity directly influences the downstream airflow. Moreover, when the nasal cavity's crosssectional area increases by 10%, there is a corresponding 21% increase in nasal airflow [11] .
Internal (NoZovent) and external (Breathe Right Strips) nasal dilators have been studied in the treatment of OSA for over twenty years, but to date there are no published Table 1 : General characteristics and quality criteria of included studies. Quality assessment of case series studies checklist from National Institute for Health and Clinical Excellence (NICE). (1) Was the case series collected in more than one center, that is, multicenter study? (2) Is the hypothesis/aim/objective of the study clearly described? (3) Are the inclusion and exclusion criteria (case definition) clearly reported? (4) Is there a clear definition of the outcomes reported? (5) Were data collected prospectively? (6) Is there an explicit statement that patients were recruited consecutively? (7) Are the main findings of the study clearly described? (8) meta-analyses of these interventions. Therefore, the objective of this study was to systematically review the international literature, without regard to language, for studies evaluating the pretreatment and treatment data of both internal and external nasal dilators as treatment for OSA and to then use the data to perform a meta-analysis.
Methods
Three [14] were followed when assigning either a small, medium, or large magnitude of effect. If a study reported the means but did not report the standard deviation, then the weighted average from the other studies in the meta-analysis was utilized (consistent with a technique from a previously published meta-analysis) [15] .
Heterogeneity was evaluated using the Cochranestatistic ( -statistic), with significance defined as a value ≤ 0.10 [16] . The 2 was used to evaluate for inconsistency [17] . 
Results
One-hundred twelve studies were potentially relevant, fiftyeight studies were downloaded in full text form, twentyfour studies had data, and fourteen studies [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] had quantitative polysomnography data; see Table 2 . Internal nasal dilators were used in five studies and external nasal dilator strips were used in nine studies. The remaining studies either stated that they followed standard polysomnography scoring criteria or did not mention the scoring criteria used.
The Effect of Nasal Dilators on Sleep Stages.
The total percentage of total sleep time (TST) spent in sleep stages N1, N2, and N3 and rapid eye movement (REM) were evaluated. The respective pretreatment and treatment values for percent TST spent in each stage were N1/N2 = 62.8% and 63.8%; N3 = 20.2 ± 14.6% and 17.6 ± 15.6% (two-tailed value = 0.2183); REM = 17.0 ± 7.3% and 18.6 ± 6.1% (two-tailed value = 0.0894). Overall, there was no statistically significant or clinically significant difference in the sleep architecture.
Apnea-Hypopnea Index and Respiratory Disturbance
Index. Ten studies reported AHI outcomes and nine provided M ± SD. There were a total of 147 patients who had a combined pretreatment and treatment M ± SD of 28.7 ± 24.0 and 27.4 ± 23.3 events/hr, value 0.64; see Table 2 . Random effects modeling demonstrated a MD of 0.36 events/hr [95% CI −2.05, 2.77] and overall effect = 0.3 ( value = 0.77).
There was significant heterogeneity with a -statistic value < 0.00001, and high inconsistency with an 2 = 83%. The SMD was 0.11 [95% CI −0.38, 0.60], overall effect = 0.43 ( value 0.67), demonstrating a minimal to small effect using Cohen's guidelines (see Table 3 ). There was significant heterogeneity ( -statistic value < 0.0001) and high inconsistency with an 2 = 76%, see Figure 1 . A sensitivity analysis for both MD and SMD demonstrated that after the removal of the study by Djupesland et al., there was no heterogeneity and no inconsistency, with an 2 = 0%. The respiratory disturbance index was reported by one study (Redline et al.) with 46 patients having a pretreatment RDI of 11.8 ± 9.6 events/hr and a treatment RDI of 9.8 ± 9.3 events/hr. Table 3 . There was no statistically significant heterogeneity ( -statistic value = 0.39) and minimal inconsistency ( 2 = 7%). The funnel plot was clustered near the zero values, suggesting a risk of bias.
Lowest Oxygen Saturation.
Ten studies with 208 patients reported LSAT outcomes and had pretreatment and treatment data for LSAT, with a M ± SD of 78.7 ± 13.4 and 79.1 ± 12.4%, value = 0.75, see Table 2 . Random effects 
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Pulmonary Medicine 5 Table 3 : Summary for mean differences and standardized mean differences. AHI = apnea-hypopnea index, AI = apnea index, CI = confidence interval, LSAT = lowest oxygen saturation, MD = mean difference, SI = snoring index, and SMD = standardized mean difference. Table 3 . There was no significant heterogeneity ( -statistic value = 0.20) and low to moderate inconsistency ( 2 = 26%). The funnel plot is clustered toward the center, suggesting a risk of publication bias.
Scoring Criteria for Snoring.
Hoijer et al. [22] measured snoring by the number of epochs with sound energy level above 55 dB and found a significant reduction in snoring. Liistro et al. [29] found no difference in snoring index with nasal dilators, but defined snoring index as the number of 30 second sleep epochs with at least one snore over the total number of sleep epochs. Metes et al. did not report methodology for snoring index calculation. Pevernagie et al. [31] calculated the ratio of the sum of all the individual snores with peak level of at least 2 dB above background noise and total sleep time and showed a significant improvement in frequency but not loudness with nasal dilators. Schonhofer et al. [26] calculated the snoring index from the number of intervals between two snores that were greater than 11 seconds but less than 60 seconds in duration, and found no objective improvement but that the majority of bed partners reported a mild reduction in snoring when their spouse used the nasal dilator. Todorova et al. [27] obtained multiple snoring variables to include snoring vibrations (maximum and mean), noise index and snoring index. They calculated snoring index as the number of snores with snoring intensity level greater than 10 dB, 15 dB, 20 dB, 25 dB, and 30 dB per hour. They found only a significant decrease in three subcategories in all the 34 snoring variables observed, which could be explained by random error rather than a true significant finding. Wenzel et al. [28] found a significant improvement in snoring index by calculating the number of snoring events per hour.
Outcomes for Snoring.
Polysomnography-based snoring index was reported by six studies. Five studies had a combined total of 111 patients provided means and standard deviations. The combined pretreatment and treatment data, and the snoring M ± SD were 148.2 ± 268.2 and 96.3 ± 178.2 snores/hr ( value = 0.09), see Table 2 . Random effects modeling demonstrated a mean difference of −2.5 [−10.7, 5.71], overall effect = 0.60 ( value 0.55). There was no statistically significant heterogeneity ( -statistic value = 0.2), but there was a low level of inconsistency with a value of 33%. The SMD was −0.25 [95% CI −0.52, 0.01], overall effect = 1.86 ( value = 0.06), with no statistically significant heterogeneity ( -statistic value 0.55) and no inconsistency ( 2 = 0%). 
Discussion
Although nasal dilators may subjectively improve a patient's nasal obstruction, the devices have not been demonstrated improving sleep study parameters. Therefore, the devices should not be thought of as curative for OSA but rather should be considered as adjuncts to treatment. For example, nasal dilators may reduce the pressure required for continuous positive airway pressure (CPAP) devices [32] . Since lower CPAP treatment pressures often improve CPAP use [8] , it is possible that nasal dilator use may also improve CPAP use. In those patients with significant improvement in breathing with nasal dilators but who cannot tolerate the devices, site directed nasal surgery may be considered. The therapeutic implications for patients who can tolerate and do receive benefit, long-term use may be considered. Twelve of the fourteen studies in this review showed no significant change in AHI with the use of nasal dilators [18, 19, 21, [23] [24] [25] [26] [27] [28] [29] [30] [31] . There was a slight reduction in AI with internal nasal dilators (−4.87 events/hr). Notably, the Djupesland et al. [19] study actually demonstrated a significant increase in AHI with nasal dilator compared to placebo. Only two studies (both using internal nasal dilators), Gosepath et al. [20] and Hoijer et al. [22] , demonstrated a significant 17% reduction in AHI from 31.7 to 26.3 events/hr. In the studies that showed an improvement in obstructive events the patients were not cured of OSA. Additionally, studies did not control for body position. Like the AHI, there was only a minimal change in LSAT with nasal dilator treatment. The overall mean pretreatment and treatment LSAT values improved from 76.8 ± 13.7% to 77.1 ± 12.8%, which was not a significant improvement. These findings are consistent with the understanding that the nose generally is not considered a site of obstruction during apneic events, since the nose does not move dynamically. The more susceptible areas of collapse include the oropharynx, hypopharynx, soft palate, and epiglottis in OSA patients [21, 33] .
Snoring demonstrated improvement when the overall raw data was combined, but there was only a small improvement when random effects modeling was applied. A subanalysis comparing external versus internal nasal dilators demonstrated that the external nasal dilators improved the snoring index minimally (−3.08), but the internal nasal dilators improved snoring more significantly (−86.54). It is unclear why the internal nasal dilators would decrease snoring more than external nasal dilators, but a possible explanation is variability in how the snoring index was defined and measured. The diverse calculation for snoring index in the included studies could explain the mixed improvement with nasal dilators. A uniform method for measuring snoring should be used in future studies in order to facilitate interpretation among studies.
Limitations
The inherent limitation in this systematic review is the lower quality of published studies evaluating nasal dilators. Most studies included were individual case-control or prospective case series studies, often with small sample sizes, lacking randomization and having other significant drawbacks. Therefore, in order to improve the level of evidence, additional, prospective trials with randomization are needed. As with any systematic review, it is possible despite best efforts that studies were missed in searching the literature. There may be differences in polysomnogram scoring criteria among institutions; however, these differences were not specified by the articles included in this review.
Conclusion
Although nasal dilators have demonstrated improved nasal breathing, they have not shown improvement in obstructive sleep apnea outcomes, with the exception of mild improvement in apnea index when internal nasal dilators were used.
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